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1. Introduction
To date, almost all experimental results have agreed with the predictions by the standard model
(SM) of particle physics. However, several limitations indicate that the SM is not the nal theory,
and many extensions of the SM have been developed. In this document, we focus on the searches
in nal states that contain photons. We present the searches for large extra dimensions and fermio-
phobic Higgs, and, nally, two signature based searches. These searches are based on 14 fb 1 of
p ¯ p collisions at
p
s=1:96 TeV, recorded with the CDF and DØ detectors at the Fermilab Tevatron.
2. Large Extra Dimensions
In the large extra spatial dimensions model (LED) [1], SM particles are conned to a 4-
dimensional membrane and graviton propagates in the 4+nd dimension, where nd stands for the
number of additional compactied spatial dimensions. The observed Planck scale Mpl, the fun-
damental Planck scale MD, and the size of the extra dimensions R are related by the Gauss Law: 
Mpl
2 = 8pRnd [MD]
nd+2. If R is large compared to the Planck length  1:610 33 cm, MD can
be as low as 1 TeV and effectively solves the hierarchy problem.
In hadron colliders, we can use two methods to search for indications of LED:
1. Look for emission of real Kaluza-Klein graviton states, GKK, through the production chan-
nels q¯ q ! gGKK, qg ! qGKK, and q¯ q ! gGKK, with signatures of mono-jet or mono-photon and
large missing transverse energy (ET = ). Section 2.1 describes this type of LED search using the gET =
nal state.
2. Look for deviations of the production cross-sections from the SM either in absolute values
or in shapes, due to exchange of the virtual graviton that travels through the extra dimensions.
Section 2.2 describes this type of LED search using the invariant mass and angular distributions of
di-electromagnetic (di-EM) and dijet channels, respectively.
2.1 Search for LED in the Mono-photon and Large Missing Energy Channel
The CDF and DØ Collaborations have searched for LED in 2.0 fb 1 and 2.7 fb 1 of p ¯ p col-
lisions, respectively, using events with mono-photon and large ET = [2, 3]. The analyses basically
require one central photon with ET > 90 GeV and ET = > 50=70 GeV for CDF/DØ. After all selec-
tions, the dominant background in both analyses is the SM Zg ! nng production. Both analyses
have not found signicant excess in data: 40 observed vs. 46:33:0 expected (CDF) and 51
observed vs. 49:94:1 expected (DØ). The lower limits on the fundamental Planck scale, MD,
are obtained at the 95% C.L.: 1080900 GeV for nd = 2 6 from CDF, and 970804 GeV for
nd = 2 8 from DØ.
2.2 Dielectron and Diphoton Channels
TheDØCollaborationhaslookedforLEDin1.1fb 1 of p ¯ pcollisions, usingthetwo-dimensional
distributions of invariant mass Mee;gg and angular variable jcosqj 1 of two EM objects (combining
dielectron and diphoton channels) [4]. Figure 1 shows the Mee;gg and jcosqj distributions. No
discrepancy in shape and yields is found with respect to bkg predictions, therefore lower limits on
the effective Planck scale MS are obtained at the 95% condence level (C.L.): 1.62 TeV using the
1cosq = tanh(y), where y is the rapidity of each EM object in the center-of-mass frame and y = 1
2(y1 y2).
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GRW formalism [5], and 2.091.29 TeV using the HLZ formalism [6] for nd = 2 7. These are
currently the best limits on MS.
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Figure 1: The DØ LED search: the Mee;gg (left) and jcosqj (right) distributions, where both EM objects
are reconstructed in the central calorimeter. .
3. Fermiophobic Higgs
In the standard model, the branching fraction for the di-photon (gg) nal state, Br(h ! gg),
has a maximal value of approximately 0.2 % for Higgs boson masses of about 120 GeV/c2 and
this fact renders a discovery in this channel impossible. In addition to standard model h ! gg pro-
duction, one can devise many possible beyond standard model scenarios where the Br(h ! gg) is
enhanced [7]. Here, the consequences of a so-called fermiophobic" model where the Higgs boson
has suppressed couplings to fermions will be studied. The fermiophobic Higgs (h f) benchmark
model considered here assumes standard model coupling to bosons and vanishing couplings to all
fermions. For such a model, the branching fractions for h! gg is signicant for low Higgs masses.
In the case of hf the gluon-fusion production diagram vanishes and only associated production
with a W or Z boson and vector boson fusion (VBF) production processes are possible. This re-
sults in a reduction in production cross section by about a factor of four; however, this reduction is
compensated by the increased diphoton branching fraction in these models, which are enhanced by
more than two orders of magnitude. Furthermore, the di-photon nal state is appealing because the
photon ID efciency and energy resolution are much better than b-jets. Better energy resolution
leads to a narrow Mgg mass peak which can be exploited to reduce background.
Both collaborations follow the same analysis strategy: since pT(gg) is large, both experiments
cut very hard on pT(gg) and search for a narrow resonance in M(gg). CDF has a tighter cut on P
gg
T
(>75 GeV/c) which removes more than 99.5% of background while roughly 30% of the associated
production signal is maintained.
No evidence of a resonance in the di-phtoton mass spectrum is found and lower limits at the
95% C.L. on the branching fraction are obtained. A lower limit on the mass of 106 and 102.5
GeV/c2 is set for the benchmark model by the CDF [8] and DØ [9] analyses, respectively. These
are the strongest limit so far from a hadron collider and is only slightly below the limit set by
LEP of 109.7 GeV/c2. In addition, above 110 GeV/c2 these result excludes a region of branching
fractions that has not been excluded by previous collider studies.
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Figure 2: Left (right): CDF transverse momentum (DØ invariant mass) of the di-phtoton system.
4. Signature Based Searches
The unknown nature of possible new phenomena in the energy range accessible at the Tevatron
is the motivation for a signature-based" search strategy that does not focus on a single model or
class of models of new physics, but presents a wide net for new phenomena.
The CDF collaboration has performed two searches, one for anomalous production of g + jet
+ b-jet + ET = events [10] and another one for g + b-jet + jet + ET = events [11]. In both cases,
no structure peaking strongly over the background prediction is observed in any of the kinematic
distributions studied. Furthermore, the number of events observed in data is consistent with the
number of events expected from the SM background prediction. We conclude that both samples
are consistent with SM background expectations.
5. Conclusion
The CDF and DØ collaborations have a broad program of searching for new physics in photon
nal states. We have not yet found signicant excess in 0.72.7 fb 1 of p ¯ p collisions. More details
can be found in [12] and [13].
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